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Abstract 

We study the process J/ty — > 7^w, measured by the BES experiment, where a neat peak close 
to the 4>co threshold is observed and is associated to a scalar meson resonance around 1800 MeV. 
We make the observation that a scalar resonance coupling to (pu unavoidably couples strongly to 
KK, but no trace of a peak is seen in the KK spectrum of the J /\P — > ^KK. This, reinforced 
by the negative results from a devoted Belle experiment in a related reaction, serves us to rule 
out the interpretation of the observed peak as a signal of a new resonance. After this is done, 
a thorough study is done on the production of a pair of vector mesons and how its unavoidable 
interaction leads necessarily to a peak in the J/ty — > ^4>uj reaction close to the <j>u threshold, due to 
the dynamical generation of the /o(1710) resonance by the vector-vector interaction. We then show 
that both the shape obtained for the (fiu mass distribution, as well as the strength are naturally 
reproduced by this mechanism. 
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I. INTRODUCTION 



A BES experiment looking for the decay of J — > "f(Jxv [l| observed a neat peak close to 
the 4>u threshold which was tentatively associated to a J PC = ++ state with mass around 
1812 MeV and width of about 105 MeV. An experiment with ten times more statistics has 
been reported recently and the peak is reconfirmed, the reanalysis leading to claims of a 
state with mass M = 1795 ± 7±f MeV and a width T = 95 ± 101^ MeV, where the first 
error is statistical and the second systematic. They also report a product of branching ratios 
B(J/V -»■ jR) x B(R u<j>) = (2.00 ± 0.08±i;gg) x 10~ 4 . The decay of J/tf -> 70w is 
doubly OZI suppressed with a production rate that is suppressed by at least one order of 
magnitude with respect to J/^f — > 'yuu and J/^f — > 700 [3| . 

As usual, any new claim of a state is followed by theoretical suggestions for its interpreta- 
tion, and in this case there have been works offering possible interpretations as a tetraquark 
state 0], a hybrid j^f, a glueball state 0, a threshold cusp attracting a resonance 0] and an 
effect due to intermediate meson rescattering [8|. So far, none of these interpretations has 
been ruled out or supported by the experiment. 

In the present work we propose a different interpretation as due to the production of 
the /o(1710) resonance below the <pu threshold. We shall show that the presence of this 
resonance necessarily leads to a peak around the <puj threshold with a shape and strength 
compatible with experiment. Invoking the principle that if one phenomenon can be explained 
by an already established fact one should not make claims of new physics, we will conclude 
that the observed peak is not a signal of a new resonance but a replica of the /o(1710). 
This conclusion gets extra support from failed searches of the Belle collaboration in the 
B ± — > K ± ujcj) reaction (9|. Moreover, a very strong argument against this peak being a new 
state is provided by the fact that both the u and the couple strongly to KK. In this case 
the uj and can emit both a KK pair and one of the K can be exchanged virtually between 
the two vectors, leading to a decay of the ++ state into KK with L = 0. In this channel 
the resonance would be very far from threshold and the peak should show up neat, with no 
ambiguities about its interpretation. Yet, in the experiment studying J/ty decay into •yKK, 
clear peaks are seen for the /o(1500) and /o(1710) but no trace is seen of any peak around 
1800 MeV pi}. 

Among the theoretical papers mentioned, Ref. [8j deserves a special mention since the 
idea is also that the peak observed could be a replica of the / (1710) resonance, as we state 
here. The idea in Ref. jlj is that the J/\l/ decays into 7/ (1710), then the / (1710) reso- 
nance couples to a pair of mesons (vectors mesons, particularly K*K*, were shown to be 
dominant) and there is rescattering of these vector mesons to produce the 0w final state. An 
enhancement close to the <fiuj threshold was produced with this mechanism, with a strength 
much smaller than the experimental data, and no firm conclusions were drawn. Yet, as 
the authors mentioned, there were many unknowns in the model, particularly tied to the 
interaction of vector mesons (V), where a perturbative approach was followed, assuming 
VV — > 4>uj transition mediated by K and k exchange. An important step forward in this 
direction was given later on in Refs. 11, 12] ]. with a thorough study of the vector- vector 



interaction within a coupled channels unitary approach with the dynamics extracted from 
the local hidden gauge Lagrangians [l~3l 15]. This study allowed to see that the vector- vector 
scattering matrices develop some poles as a consequence of the interaction, and resonances 
are generated. These resonant states qualify as molecular states of two vector mesons and 
are usually referred to as dynamically generated resonances. Among many of them, the 
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/o (1710) is generated and couples strongly to K*K* and <poo. In such a case, the mechanism 
for final (pu production proceeds with a primary production of 'jVV followed by rescattering 
of these vectors to produce <ficu in the final state. As we shall see, the primary production 
of <j)u is not allowed and only the VV rescattering leads to the <ftu in the final state. One 
could reinterpret the doubly OZI suppressed mechanism for uxfi production in this way, the 
first suppression applying to the production of all VV pairs without charm. This particular 
feature actually works in favor of having a more neat resonant shape since the <pu comes 
only from rescattering of the vector mesons by means of an amplitude that incorporates 
the / (1710) resonance. Thus, a background from uncorrelated 4>u production is essentially 
absent in the mechanism of production and the effects of the /q(1710) show up more neatly. 
Since the resonance is below the <j)u threshold, it is a combination of the tail of this resonance 
and the increasing phase space for (poo production that produces the visible peak. An en- 
hancement of the strength near threshold due to resonances below threshold is unavoidable 
and this is a well known effect. Sometimes this shows up only as a deviation from phase 
space, with no peak structure , but, depending on the strength of the background, 



sometimes it can also show up as a clear peak. This was the case of the e + e~ — > J/^DD 
reaction, where one peak close to the DD threshold was observed and associated to a reso- 
nance in the Belle collaboration work of Ref. [19 ] . However, in Ref. jioj it was shown that 
a better fit to the data occurred due to the presence of a scalar hidden charm state below 



the DD threshold, X(3700), predicted in Ref. [2JJ. In the present case, the absence of a 
significant background for <pu production magnifies the resonance shape close to the (ftu 
threshold, to the point that in Refs. [H, 0] a strong case was made about the discovery of a 
new resonance. We shall argue here that this is not the case, showing that the peak comes 
as an unavoidable consequence of the coupling of the (f)u to the /o(1710) resonance. 



II. FORMALISM 



In Ref. 22| the study of the radiative decay modes of the J/ty into a photon and one of 
the tensor mesons /2(1270), /2(1525), as well as the scalar ones /o(1370) and /o(1710), was 
undertaken and a good agreement with ratios of branching ratios was obtained. We will 
follow closely this formalism since for our present study we need both the radiative decay of 
the J/ty into /g(1710), as well as the more concrete one of the J/^ — > 7^0;. 

As in Ref. j22[], we assume, following the argumentation of Ref. jjjj], that the mechanism of 



Fig. [Ih. dominates the reaction. Further support for this assumption was found in Ref. [22 





(b) 



FIG. 1. Two mechanisms of the J/^f radiative decays. 
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Then, the cc component after the 7 radiation will decay into pairs of vectors, which inevitably 
will interact among themselves. This is shown diagrammatically in Fig. [2J The following 




J/ibScc 



V 





V 

FIG. 2. Schematic representation of J/^> decay into a photon and one dynamically generated 
resonance. 



step is to recall that the cc object can be considered as an SU(3) singlet and then the pair 
of original vectors in the primary step will couple to an SU(3) singlet. This can be easily 
obtained from the trace of V ■ V 



VV SU(3) singlet = Tr[V • V], 
where V is the SU(3) matrix of the vector mesons 



(1) 
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We, thus, find the vertex 



VV 



SU(3) singlet 



p°p° + p + p~ +p-p + + uu + K* + K*~ + K*" K* u + K*~ K* + + K^K*" + 



*0 TS*0 



(3) 

One then projects this combination of VV states, which are the building blocks of the 
resonance produced, into VV isospin states with unitary normalization (an extra factor 
1/V2 for identical particles or symmetrized ones) and phase convention \p + ) = — 11,+1), 
\K*~) = -|l/2,-l/2>, 



I PP) 1=0 
\K*K*) l=0 

\uu)i =0 
1=0 



1 
1 



p°p° + p + p +p p + ), 



K* K*~ + K*"]^*" 4- K*~ K* + 7^* u 7^* u ) 



V2 
1 

V2 



\uXju), 



(4) 
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and one gets the weights for primary VV production of the process J/ty — > 7VV with VV 
pairs in / = 0: 



ILL; 



§ for pp 

y/2 for K*K* 

71 for UUJ 

I 75 for 



(8) 



It is interesting to note that there is no primary production of 0w with this mechanism. 
Production of (poo will occur with the rescattering of the primary VV vectors as depicted in 
Fig. [21 and the sum of these terms is readily done by means of 



tj/t<^4>u) — A WjGjtj^fa, (9) 

with A an unknown constant, Wj are the weights of Eq. (jSJ) for the different primary VV 
channels, Gj the loop function for the intermediate VV states and t,--^ the transition 
scattering matrix from the intermediate VV states to (fxj. We take the information for the 



Gj and iy functions from Ref. |12 



The ti^j matrices can be traced back to the results of Ref. 12| by writing for each 



resonance 

9i9j 



s-Ml + iM R T R (10) 

where g^ gj are the couplings of the resonance to the i, j channels. We only need the /o(1710) 
resonance here and the couplings are tabulated in Table [H 



TABLE I. Couplings g^s appearing in Eq. (110]) , with k one of the coupled channels: pp, K*K* , 
ujlu, (fxf>, and (ftuj. The units of these g^s are MeV. 



R 


PP 


K*K* 


uu 


4>(j) <j)uj 


/o(1710) 


-1030 + il086 


7124 + i96 


-1763 + ^108 


— 2493 - i204 3010 - i210 



With the amplitude of Eq. ([9]), which depends on the invariant mass of <pu, we can 
construct the (fiu mass distribution given by 

1 1 _ | , 2 ni x 

dM~ = (2vr)3 4M^ V ^ 1 ' ' 

where p 7 and are the photon momentum in the J/\l/ rest frame and the ou momentum in 
the (pu rest frame, respectively 



A 1 / 2 (M^,0,ML) 
Vi = — 



2Mj/v 



(12) 



2M 



111V 



On the other hand, if we are interested in the production of the / (1710) resonance 
regardless of its decay channel, the relevant mechanism is depicted diagrammatically in 
Fig. [3] and we have 
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tj/v^fa =AJ2 WjG^j (13) 
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FIG. 3. Schematic representation of J/^f decay into a photon and a dynamically generated reso- 
nance. 



and the partial decay width for this process is given by 

rj/*^ 7/o = — | tj/ 9 ^yf | 2 g 7 , (14) 

where q 1 is the momentum of the photon, like p 7 of Eq. f[T2"j) but it is calculated at M inv = 
M/ Q (i7io). The theory cannot provide the value of the constant A in Eqs. (JUJ) and f[T3"j) since 
this requires a precise knowledge of the mechanism of OZI suppression, but if we divide 
dT/dM inv by Tj/q,^f the constant is cancelled and we can make precise predictions for the 
ratio. We shall call this ratio Rr 

dT 



dM; 



inv 



R r = - , (15) 

rj/^ 7 / 

which we can evaluate with the tools presented before. The value of this magnitude is 
relevant because, together with the shape of the <fiu mass distribution, it can be compared 
with the experimental values. 

Experimentally we have, from the Particle Data Group (PDG) [23], 

B (J/* 7/0 IKK) = (S.5±JJ) x 10~ 4 (16) 
and for B (/ (1710) — > KK^j we have some values in Ref. 23| 



B (/ (1710) -+ KK) 


= 0.36 ±0.12 


Ref. 


24 




= 0.38lg;g 


Ref. 


25] 




= 0.6 


Ref. 


1. 



(17) 

Thus, taking the value available from Ref. [8| as listed above, we obtain 

rj /*-^° = (1.4 ± 0.4) x 10- 3 . (18) 

On the other hand, from Ref. [sj we have 

B (J/* -> 7i? ->■ 7^0) = (2.00 ± 0.08±i;gg) x 10" 4 , (19) 

from where estimating roughly the errors we find 

B (J/tf ->■ 7# cj0 



5 (J/* 7/0) 



0.14 ±0.08. (20) 



6 



III. RESULTS 



As a first step we show the shape of the distribution dT /dM\ m and compare it with the 
updated data of the experiment [2[]. 

In our approach, and assuming the dominance of the diagram represented by Fig. [Th., 
there is no tree level contribution to the ucj) production. However, in order to account for 
the strength of the distribution at large values of M inv , far away from the /o(1710) resonance, 
we allow for a small background, which we take as a constant amplitude for simplicity, and 
we replace in Eq. ^ 

^J/*->-7^ > ^J/*-)-7^£j + P, (21) 

with (3 being a constant whose value is fixed by fitting the data around M- mw ~ 3000 MeV 
where the /o(1710) gives no relevant contribution. 

In Fig. S] we show the distribution obtained, fixing the total strength such as to reproduce 
the peak of the experimental distribution of the number of <pu events per bin. As we can 



1 1 1 1 1 1 1 1 1 1 f 




FIG. 4. The invariant mass distribution — for the process J/\E' — > jc/jlo from Eq. (|lip . The 
data points, shown by rilled circles, have been taken from Ref. [2(. The dotted and dashed lines 
represent the background and the /o(1710) resonance contribution, respectively. The solid line 
shows the coherent sum of the two. 

see, there is a perfect agreement between our results and the experimental data. This might 
be surprising at a first sight, but the tail of the resonant shape of the amplitude of Eq. Q, 
together with the phase space factors in Eq. ffTTj) . essentially the factor which vanishes 
at the (ftu threshold, combine to give a peak close to the threshold. The resulting strength 
and shape of the peak are linked to the dynamics of the process. 
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It is interesting to separate the contribution of the resonance and the background. In 
Fig. H] we also show the contribution of the resonance alone, eliminating the background (3 
in Eq. (12 ip . As we can see, the resonance term is dominant, although the interference with 
the background raises the strength of the distribution. For comparison we also show in the 
figure what one obtains from the background alone. 

The agreement with the data is certainly a point to support the idea expressed in this 
paper. This agreement is better than the one that would be obtained by the resonance 
proposed in Ref. [2j. To show this, we simply substitute tjm^fa of Eq. Q by 



A' 



Emp 



s- M 2 R , +iM R ,T R , 



(22) 



with A' adjusted to get the strength at the peak position and ft' again adjusted to get the 
strength of the distribution at large values of M inv . After adjusting to the total strength 
of the peak we obtain the distribution shown in Fig. which does not reproduce well the 
data. It should be noted that in Ref. [2j a large range of mass and width of the resonance 
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FIG. 5. The invariant mass distribution for the empirical amplitude of Eq. (T22j). The solid 

line corresponds to the results found with a Breit-Wigner form with the central values of the 
resonance parameters suggested in Ref. 0], i.e., mass of 1795 MeV and width of 95 MeV. The 
dashed curve corresponds to assuming the same mass but the upper limit of the width, 183 MeV. 



are given and we find that the values of Tr> in the higher part of the range the agreement 
is better, yet of lower quality than the one provided by our approach. The important point 
is that once a new resonance is ruled out by the arguments in the introduction, the peak of 



S 



Ref. [2| is nicely reproduced in terms of the /o(1710) dynamically generated in the approach 
of Ref. independently that good fits could be obtained assuming a new resonance. 

The work would not be completed if we did not calculate the strength of the J/ty — > jifiu 
distribution. We do it now by evaluating the ratio of Eq. (fT5l) for the integrated dT/dM inv 
and Tj/y — > 7/0 (1710). If we integrate up to M^ x = 2.1 GeV, a region that accounts for 
the largest part of the peak, we obtain a value of R-p = 0.15, in agreement with the central 
experimental value of Eq. (I20|) . We can also quantize the theoretical uncertainties. First, 
we take the limit of integration to M-^ x = 2.3 GeV, certainly an upper limit, and we get 
Rr = 0.21. Further theoretical uncertainties can be obtained by changing randomly the 
mass and width of the /o(1710) between the range of the PDG, 1720 ± 6 MeV and 135 ± 8 
MeV, respectively, and the couplings gi by 10 %. The ratio of 0.15 gets then converted into 
Rr = 0.15 ± 0.04, which added to the uncertainties in the choice of Mj^ x can be set into 
R r = 0.15 ± 0.06. 

As we can see, the range of theoretical values fully overlaps with the experimental one 
of Eq. (1201) . This agreement is totally tied to the dynamics of the VV interaction that we 
have used, and, in as much as this dynamics has been tested in so many processes [22I, ^2t 



281 ]. it stands on solid grounds. Then, the agreement on the absolute values of the rate of 
production relative to Tj/y — > 7/0(1710) is a strong point in favor of the idea exposed here 
that the peak observed in Refs. jlj and [2J is due to the excitation of the /o(1710) resonance 
and its further decay into u<p. 

We have stressed the relevance of not having the (pu primary production to produce the 
shape of the experimental distribution. In order to further understand this point we have 
evaluated for K*K* production where one has now a tree level contribution. The 

second member of Eq. flU]) would now be substituted by A{ui K *^* + Y^=i u jGjtj^ K *^,) and 
q u in Eq. ffTTj) by qx*. In this case we observe that the background of the tree level largely 
dominates the distribution and only a very small peak at threshold appears that could be 
missed in an experiment with low resolution. 



IV. CONCLUSIONS 

In this work we had a look at the data of two BES experiments for the reaction J — > 
70w, where a neat peak is observed in the <pu mass distribution close to the <fru threshold. 
In the experimental works this peak was seen as a signal of one new scalar meson state 
with mass around 1800 MeV, not reported in the PDG. We made the important observation 
that both (f) and 00 couple strongly to KK (with the same strength) and a scalar resonance 
coupling to <f)u unavoidably would couple to KK, and it should be seen cleanly in the KK 
spectrum. The fact that no trace of a peak was seen in the experiment around this energy 
in the J/\I/ — > ^KK reaction was proof enough to rule out the peak observed in J/^/ — > 70w 
as a signal for a new state. Certainly the fact that other devoted reactions have failed to see 
that peak, as in the Belle experiment in the B — > K ± uj(j) reaction [9J], give extra support 
to the former argument. 

The main part of the work has then been devoted to show that the peak observed in 
the experiment is naturally obtained from the excitation of the /o(1710) resonance and its 
coupling to (pu. The agreement of the <pu distribution with experiment was excellent and 
the absolute rates for the partial decay width of J/^f — > 7</>w reaction were also in very 
good agreement with experiment. The combination of all these facts clarifies the situation 
around this experiment with the conclusion that the peak observed is not a signal of a new 
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resonance, but just a replica of the well established / (1710) state. 
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